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CLAIMS: 

1.. A solid-state imaging device provided with a 
photoreceptor for performing photoelectric conversion, and a 
light-shield film disposed so as to not cover a light- 
receiving surface of the photoreceptor, the solid-state 
imaging device being characterized by: 

a transparent lens layer made of a first transparent 
material having a concave lens with the concavity facing the 
opposite side relative to the light-receiv.ing surface and 
covering the light-receiving surface of the photoreceptor; 
and 

a flattened transparent layer, at least the uppermost 
surface of which is flattened, and which is made of a second 
transparent material .having a higher refractive index than 
the first transparent material, is superimposed over and in 
contact with the transparent lens layer. 

2. A method for manufacturing a solid-state imaging 
device provided with a photoreceptor for performing 
photoelectric conversion, and a light-shield film disposed 



so as to not cover the light-receiving surface of the 
photoreceptor, the method being characterized by the steps 
of: 

forming a first transparent material layer made of a 
first transparent material covering the light-shield film 
and the light-receiving surface of the photoreceptor; 

forming a resist layer on the first transparent 
material layer, and forming channels in the resist layer 
near the position directly over the margin of the light- 
receiving surface; 

softening and melting the resist layer through heating; 

forming a* first flattened layer on the softened and 
melted resist layer; 

performing etching using an etching agent having a 
higher etching- rate for the resist layer than for first 
flattened layer, and removing the first flattened layer and 
resist layer to expose the first transparent material layer; 
and 

forming on the exposed first transparent layer a second 
flattened layer made of a second transparent material having 
a higher refractive index than the first transparent 
material. 

{DETAILED DESCRIPTION OF THE INVENTION] 

[0001 J (FIELD OF THE INVENTION] The present invention, 
relates to a solid-state imaging device using a charge* 
coupled element (CCD) . 

[00021 [RELATED ART] Since there are regions which are 
unaffected by photoelectric conversion, such as a transfer 
register and the like, present in each pixel in this 
conventional type of solid-state imaging device, the 
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aperture efficiency of the light-receiving surface of the 
photoreceptor over the entire pixel surface is normally 
below 50%, and the incidence light utilization factor is 
inadequate and unsatisfactory. To eliminate this 
dissatisfaction and improve sensitivity, consideration has 
been given to, for example, increasing the proportion of the 
light-receiving surface over the entire pixel surface; 
however, since increasing the proportion of the light- 
receiving surface is structurally limited, in' recent years a 
convex micro lens has been provided on the light-receiving 
surface; the proposed, solid-state imaging device has a so- 
called on-chip* micro lens so as to concentrate and 
effectively condense the incidence light on the light- 
receiving surface, and thereby increase the effective . 
aperture efficiency. 

(0003] Fig, 6 is a side cross section view showing an 
example of a conventional solid-state imaging device using 
the aforesaid convex micro lens. In Fig. 6, reference number 
1 refers to a solid-state imaging device, and reference 
number 2 refers to semiconductor substrate. Formed on the 
surface of the semiconductor substrate 2 are a* photoreceptor 
3 for performing photoelectric conversion, transfer register 
4, and channel stop 5, and on that surface a thin insulating 
film 6 is further provided. Furthermore, upon the insulating 
film 6 are formed a transfer electrode 7 for driving the 
transfer register 4, and finally a light-shield film 8 which 
covers the transfer electrode 7 so as to block light from 
impinging the transfer electrode 7 and transfer register 4. 
The light-shield film 8 formed over the insulating film 6 is 
formed so as to not cover the light-receiving surface 3a of 
the photoreceptor 3. 
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[0004] Then, a convex micro lei^s 9, which is made of 
transparent resin or the like, is formed on top of the unit 
pixels consisting of the previously described structural 
.elements. When formed, the micro lens 9 is arranged so as to 
focus on the light-receiving surface 3a of the photoreceptor 
3; when light enters, the solid-state imaging device 1 with 
this structure gathers the incidence light to the light- 
receiving surface 3d by means of. the condensing effect of 
the micro lens 9, so as to thereby effectively increase the 
effective aperture efficiency. 

(0005) [PROBLEMS THAT THE INVENTION IS TO SOLVE] In the 
solid-state imaging device 1, the top side of the micro lens 
9 must be covered by air or a low refractive index layer 10 
made of material having a refractive index sufficiently 
lower than that of the material of the micro lens 9 in order 
to provide the micro lens 9 with a condensing effect. 
Accordingly, a so-called hollow package structure in which 
air is sandwiched between a chip and seal member is ideal 
for use as a package structure. However, since this hollow 
package structure has a high assembly cost compared to the 
typical molded package structure used as a semiconductor 
device, reducing this cost is very desirable. 

[0006] Since the condition of having a low refractive 
index is added to the performance factors determined by the 
molding material, including transparency,, moisture 
resistance, and strength when employing the molded package . 
structure, the selection of the molding resin material is 
very severely restricted, and in fact no such suitable 
material has been found. In view of this information, an 
object of the present invention is to provide a solid-state 
imaging device and its manufacturing method in which the 
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device has a micro lens structure capable of employing a 
molded package structure without employing a hollow package 
structure • 

[0007] [MEANS FOR SOLVING THE PROBLEMS] The solid-state 
imaging device of the present invention resolves the 
previously described problems by providing a transparent 
lens layer made of a first transparent material having a 
concave lens with the concavity facing the opposite side 
relative to the light-receiving surface and covering the 
light-receiving surface of the photoreceptor, and a 
flattened transparent layer, at least the uppermost surface 
of which is flattened and which is made of a second 
transparent material having a higher refractive index than 
the first transparent material, is superimposed over and in 
contact with the transparent lens layer. 

[0008] Since this solid-state imaging device provides a 
transparent lens layer having a concave lens with the 
concavity facing the opposite side relative to the light- 
receiving surface, and provides flattened transparent layer, 
which is made of a transparent material having a higher 
refractive index than the material of the transparent lens 
layer, superimposed over and in contact with the transparent 
lens layer, if the transparent lens layer is formed 
beforehand such that the focal point of the concave lens is 
on the light-receiving surface by means of the difference in 
the refractive indices of the transparent flattened layer 
and the transparent lens layer, then the device has a high 
effective aperture efficiency similar to that of the 
conventional device. Furthermore, since the outermost layer 
which is the transparent flatteneil layer is formed of a 
material having a high refractive index, well-known 
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transparent resins and the like, for example, can be used as 
this material, and since there is increased freedom in 
selecting the material and the hollow package structure is 
unnecessary, the assembly cost can be reduced. Moreover, 
molding resins can be directly used as the material for 
forming the transparent flattened layer, in which case the 
assembly cost can be reduced even further. 

[0009] The method of manufacturing the solid-state 
imaging device of the present invention resolves the 
previously mentioned problems by providing a process of 
forming a first transparent material layer made of a first 
transparent material covering the light-shield film and the 
light-receiving surface of the photoreceptor; a process of 
forming a resist layer on the first transparent material 
layer, and forming channels in the resist layer near the 
position directly over the margin of. the light-receiving 
surface; a process of softening melting the resist layer by 
heating; a process of forming a first flattened layer on the 
softened and melted resist layer; a process of etching using 
an etching agent having a higher etching rate for the resist 
layer than for first flattened layer, and removing the first 
flattened layer and resist layer to expose the first 
transparent material layer; and a process of forming on and 
in contact with the exposed first transparent layer ai second 
flattened layer made of a second transparent material having 
a higher refractive index than the first transparent 
material. 

[OOIO] Since the method of manufacturing the solid- 
state imaging device of the present invention provides that 
a first transparent material layer is formed on the light- 
receiving surface, and a resist layer is formed on the first 
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transparent material layer, and channels are formed in the 
resist layer near the position directly over the margin of 
the light-receiving surface, and the resist. layer is 
subsequently softened and melted by heating, the resist 
layer has reduced surface tension on the channel side, and 
increased surface tension at positions a distance from the 
channels, such that a convex curve is formed. Then, since 
the first flattened layer is formed over the resist layer 
and etched using an etching agent which has a higher etching 
rate relative to the resist layer than the first flattened 
layer, the etching speed increases after the first flattened 
layer has been etched at the positioned at which the resist 
layer is provided. 

[0011 J Therefore, when the etching of the first 
flattened layer is completed at the locations where the 
resist layer is not provided, the etching of the resist 
layer has previously ended at locations where the resist 
layer was provided, such that thereafter etching progresses 
to the first transparent material layer. This time etching 
at the first transparent material layer progresses in 
accordance with the thickness of the resist layer, that is, 
faster at locations where the resist layer is thick and 
slower at locations where the resist layer is thin; 
accordingly, when etching ends, a shape which is the reverse 
of the resist layer before softening and melting, that is, a 
concave curve, is formed in the first transparent material 
layer. Then, since a second flattened layer, which is made 
of a second transparent material having a higher refractive 
index than the first transparent material, is formed over 
and in contact with the first transparent material layer 
after the concave curve has been formed in the first 
transparent material layer, and a solid-state imaging device 
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is obtained in which the concave curve part becomes a 
concave lens over which is formed a transparent flattened 
layer made of a transparent material. 



[0012] (EMBODIMENTS OF THE INVENTION] The present 
invention is described in detail below by way of 
embodiments. |Figr£ shows an example of a first embodiment 
of the solid-state, imaging device of the present invention, 
and reference number 11 in Fig. 1 refers to solid*stdte 
imaging device. This^^solid-state imaging device 11/cliffers 
from the solid-state imaging device/ 1 shown in. Fig. ^6 in 
that it has a ^mxcro lens structure/formed on the insulating 
layer 6 and^ligfht-shield film 8/ That is, in the solid-state 
imaging device 11 shown in Fig. 1, a t^ansgaxent^iens- layer 
1 2 is formed on the insulating layer 6 which covers the 
light-receiving surface 3a of the photoreceptor 3, and a 
transparent flattened layer 13 is formed on the transparent 
lens layer 12. 



[0013]/ Since the transparent lens layer 12 made of a 
material (first transparent material) such as a transpare nt 
.fl uororesin such a s CYTOP (commercial name; manufactured by 
Asahi Glass Co., Ltd.), or the like, a transparent acrylic-^ 



rrl sin adjust to lower the re f ractlate-iodex^and the like, it/ 0 
/has a refractive index of approximately 1.2^1.4./ " a 

. ^ ^ '^«i3iic 

Furthermore, many , V'P>I^P^v^ lenses^^lSa ^re formed on the top 
surface of the transparent lens 12i^^hat is, the surface c^ii 
the opposite side from the light-receiving surface 3a, such 
that the concavities of the concave lenses 12a face, the 
opposite side relative to the light-receiving surface 3a. 
Since these concave lenses 12a are respectively formed in 
one-to-one correspondence with each unit pixel of the solid- 
state imaging device 1, the focal points of these concave 
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lenses 12a are focused on the light-receiving surface 3a of ^ ^ ^y/ 
the photoreceptor 3 at the same unit pixel- as described 
later. 



(0014] Since the Transparent flattened l^yer 13 i'S- made 

^ > - ^ . . 7 . 

o'f^ a material" (secojfid transparent material) such as^V \ 4t>- \^ 

transparent epoxy resin, or transparent acrylic resin, or Q 

transparent silicon resin or the like which as a relatively , . * , 

high refractive index, the refractive index of the layer 1,3 ^ -| 

can be adjusted to approximately l,5-1.7<^^The transparent*" 

flattened layer 13 is formed in direct contact with the top 

surface of the" transparent lens layer 12; accordingly, the 

concave lenses 12a can gather light entering from the top of 

the transparent flattened layer 13 at one location without 

the dispersion indicated by the arrow in Fig. 1, by means of 

the difference in the refractive indices between the top 

side (light entering side) and the bottom side (light 

exiting side), that is, by increasing the refractive index 

of the transparent flattened layer 13 on the side from which 

the light enters, and decreasing the refractive index of the 

transparent lens layer 12 on the side from which light 

exits. 

[0015] An embodiment of the method of manufacturing the 
solid-state imaging device of the present invention is 
described below based on the method of manufacjiuirtn^Oihe 
solid-state imaging device 11 having the ojcevAously J 
described structure. First, as shown in/Fig- 2(a)*/ 
stFucturai "elements including the jahotoreceot^r^*^- trahisf er 
Register 4, channel 'stop/ |^re formed on a semiconductor 
sjab strate 2in the same manner as in the conventional art by 
photo resist, ion implantation and the like; then, 
superimposed on these are an/insuiating film '6, transfer 




^txoli h, and light-shield film 8 formed in the same 



manner as in the conventional art by photo resist, ion 
implantation, thermal, oxidation, deposition and the like« 
Next, a.JUrst transparent material layer 14 made of a first 



index of approximately. 1.2*^1. 4, as previously described, may 
be used as the first transparent material. When the first 
transparent material layer 14 is formed, the top surface is 
flattened by well-known conventional means. 

[0016] Next, a resist layer is formed on top of the 
J[ irst tran sf>arjeat^mateEj.a>lr-l-ayer 14. The resist for forming 
the resist layer is not specifically limited and usable 
examples 'include"^??^ll-known resists such as polymethyl 
methacrylate V(PMM^ and the like. The formed resist layer is 
subjected to patterning by well-known optical 
exposure/developing art, so as to form channels 16 ne^r the 
position directly above themajjgln of the light-receiving 
surface 3d, as shown in^Fig. 2(cy. Then, the obtained resist 
pattern IS of the resist T^ryerfis heated .to soften and melt . 
the resist pattern 15. Although this heating process will 
differ depending on the type of resist used, process will, 
for example, maintain a temperature of approximately ISO'^C 
for several, minutes when polymethyl methacrylate is used. 
When this heating process is performed, the resist pattern 
becomes a resist pattern ISa having a convex curve on top as 
shown in Fig. 2(d) as a result of the reduction in surface 
tension on .the channels 16 side and increase in surface 
tension at positions a distance from the channels 16. 




[0017] Next, a layer made of a resist material, for 
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example, novolak resin and the like, is formed over on the 
softened and melted resist layer ISa, then a first flattened 
layer 17 is formed thereon so as to flatten the surface of 
tjtie layer by a w ell-known flattening art ^ as shown i^^igT^ 
^2{e)J Then, the first flattened layer 17, that is the 
material of the first flattened layer 17, is subjected to 
etching using an etching agent which has a higher etching 
rate relative to the resist layer (resist 15a), so as to 
remove the resist layer ISa and the first flattened layer 17 
and expose the first transparent material layer 14, as shown 
in Fig. 2(f)- 

[0018) When etching is porfnrmt^ri in this manng^rr fhe> 

e tching speed increases after the first fl attened laver 17 

has been etched at th ^ png;i1-Tr>n wh^r^ thf^ rf^^i<it 15a is 
f ormed by the differenr f* in thft ^trhing rr^tPt th^ P^Hchijiq 
agent relative to the first flattened layer 17 and th e 
resist 15a. Then, when etching of the first fir^t^t-^n^H lay^r 
1 7 ends at positions where t hp resist 15a |s not formed^ 
e tching progresses, to the underlying first transparent 
m aterial layer 14 after etching of the resist 15a has 
a lready ended at placed where the resist 15a ids formed by 
. means of the difference in the etching speeds at location s 
w here the resist 15a is formed and locations where the 
resist 15a is not formed. This time, etching of the fir_s t 
transparent mate riftl ■ If^yft*^ H ^rogre^ ses in proportion with 
t he thickness of the resist laver 15a , th ^ is, faster a^ 
l ocations where the resist layer 15a thin than locatio n 
where the resist layer 15a is thick; accordingly, when 
etching of the first transparent material layer 14 ends,/ a 
surface is formed which has the reverse shape pf the 
softened and melted resist 15a, that is, the surface forms a 
concave lens 12a which has a concave curve on top. Regarding 
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the formation of the surface of the concave lens 12a, 
suitable transparent materials, resist, type of etching 
agenti and' resist heating conditions are determined 
beforehand through experimentation, such that the focal 
point of the concave lens 12 can be positioned on the light- 
receiving surface. 3a. 

[0019] Thereafter, a layer made of a second transparent 
material is formed in direct contact with the top surface of 
the exposed first transparent material layer 14, that is, on 
t he suFface^' tjiat. forms the^surf ace of the co ncave^lens 12a, 
and a tr ansparent flattened l a yer (second flattened_lav _er) 
13 s hown in Fig^;^..J, ,a.& ^orraed'^by tlattenl'ng-^e obtaijied 
layer using ^^[^l^^f^conve ntibnal flat tenin^^ 
a solid-state ^a^^jdev^ceHb^r^^ 

index whic h is sufficiently hxeffieF^a^tha^t^ first ^ 

transparent resin, specif ica/ly, 1.5-1.7 or higher, for * 
example, the previously mentioned tra nspgjgeli t epoxy resin, 
transparent acrylicresin, and transparent resin and th e 
like, may be used as the second transparent material. 



[0020] Since the solid-state imaging device obtained in 
this manner is provided with a transparent lens layer with a 
concave lens 12a, and a transparent flattened layer 13 in 
contact with layer 12, and is formed such that the focal 
point of the concave lens 12a is on the light-receiving 
surface 3a as indicated by the arrow in Fig* 1 by means of 
the difference in the refractive indices of the transparent 
flattened layer 13 and transparent lens layer 12, the device 
has a high effective aperture efficiency similar to that of 
the conventional device. 

(0021 J In the method of manufacturing the solid-state 
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imaging device of the present invention, there is greater 
freedom in the selection of materials because well-known 
conventional transparent resins and the like can be used as 
the materials (second transparent material) which have a 
high refractive index for forming the outermost layer of the 
transparent flattened layer 13. 

(0022] Fig. 3 shows a modificationr of the solid-state 
imaging device of the present invention; reference number 20 
in Fig, 3 refers to a solid-state imaging device. The solid- 
state imaging device 20 differs from the solid-state imaging 
device 1 shown in Fig. 1 in that a transparent molding resin 
layer 21 is added to the solid-estate imaging device 1 shown 
in Fig. 1. That is, in the solid-state imaging device 20 
shown in Fig. 3, a transparent molding resin layer 21 is 
provided on the transparent flattened layer 13, to obtain a 
molded package structure. To obtain the solid-state imaging 
device 20, the solid-state imaging device- 11 shown in Fig. 1 
is sealed by a transparent molding resin using well-known 
mold sealing art in addition to the processes shown in Figs. 
2(a) through 2(f}, so as to obtain a molded package 
structure. 

[0023) Since the outermost layer which is the 
ttansparent flattened layer 13 is made, of a material (second 
transparent material) having a high refractive index in the 
solid-state imaging device 20 having the aforesaid 
structure, even when a transparent molding resin, such as, 
for example, transparent epoxy resin and the like, having a 
refractive index identical to that of the transparent 
flattened layer 13 is formed on the transparent flattened 
layer 13, the concave lens 12 suffers no loss of lens 
functionality, and the effective aperture efficiency is 
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accordingly increases in a typical molded package structure, 
which can be used as a molded package structure which is 
inexpensive to assemble. 

[0024] Although a transparent molding resin layer 21 is 
formed on the transparent flattened layer 13 as a molded 
package structure in the above embodiment, instead of the 
transparent flattened* layer 13, a functionality identical to 
that of the transparent flattened layer 13 can be obtained 
by forming a transparent molding resin layer in direct 
contact on the transparent lens layer 12 using a transparent 
resin potting 'seal or the like, and f lattening the top 
surface (surface on the light-receiving surface 3a side) of 
the transparent molding resin layer. In this case, the 
assembling cost can be reduced by using the direct molding 
resin seal and omitting the process of forming the 
transparent flattened layer 13. 

[0025] Fig. 4 shows an example of the formation of a 
transparent molding resin layer directly on the transparent 
lens layer 12 as an alternative to the transparent flattened 
layer 13; Reference number 40 inrtTg-^'*4^efers to a solid- 



state Imaging device, and reference number 41 refers to a 
CCD chip in which the transparent flattened layer 13 is 
omitted from the solid-state imaging device 11 of Fig* 1. 
The CCD chip 41 has a transparent lens layer 12 formed on 
its surface, and over which is formed a transparent molding 
resin layer 42 directly on and covering the transparent leas 
layer 12, and over this transparent molding resin layer 42 
is formed transparent flat plate a*^ maH^ of transparent 
glass or. transparent plastic lid so as to cover the top 
surface. A TAB lead 46 is further connected to an electrode 
44 formed on the surface of the CCD chip 41 through a gold 
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bump 45 .The electrode 44, gold bump 45, and connector of the 
TAB lead 46 are sealed with the transparent molding resin 
42, and covered in that condition by the transparent flat 
plate 43. 

[0026] Since, when manufacturing the solid-state 
imaging device 40 having the above structure, the process of 
formin g the transparent flattened layer 13 is omitted as 
previously explained, and direct molding resin seal is used, 
the assembly cost is reduced, and surface flattening of the 
transparent molding resin rayer" 4"2 Ts reacfi ly accomplxshed 
by~providing the transparent flat plate 43 thereon, the 
assembly cost is reduced even further, 

(0027r^Fig. 5 ^hows a second embodiment of the solid- 
state imaging35^i7ice of the present invention; reference 
number 30 in Fig. 5 refers to a solid-state imaging device. 
The solid-state imaging device 30 differs from the solid- 
state imaging device 11 of Fig. 1 in that a passivation film 
31 and color filter film 32 are provided between the 
insulating film 6, light-shield film 8, and transparent lens 
layer 12. Th^it is, in the solid-state imaging device 30 
shown inCFig^^^-/ a passiva^^^" , .^j ]^ ^i ^s formed-wh4c h 
^Q Y f^^ ^^^ ^^^^^l^ ^^ n^ i^4im a liahtris hiold film 8i and -^ a 
c olor filt er film 32is provided on fhe nassivation film 31, 
over which is formed the transparent lens layer 12. 
Accordingly, since the solid-state imaging device 30 having 
this structure selectively receives only a specific 
wavelength range of the incidence light which can then be 
photoelectrically converted, it can be used for a color 
display by using, for example, three types of color filter 
films corresponding to red, blue, and green wavelength 
ranges as the color filter film 32. 
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10028] (EFFECT OF THE INVENTION] The previously 
described solid-estate imaging device of the present 
invention provides a transparent lens layer having a concave 
lens with the concavity facing the opposite side relative to 
the light*-receiving surface, and provides flattened 
transparent layer, which is made of a transparent material 
having a higher refractive index than the material of the 
transparent lens layer, superimposed over and in contact 
with the transparent lens layer, if the transparent lens 
layer is formed beforehand such that the focal point of the 
concave lens is on the light-receiving surface by means of 
the difference in the refractive indices of the transparent 
flattened layer and the transparent lens layer, then the 
device has a high effective aperture efficiency similar to 
that of the conventional device. Furthermore, since the 
outermost transparent flattened layer is formed of a 
material having a high refractive index, well-known 
conventional transparent resins can be sued as the material, 
for example, thereby providing greater freedom in material 
selection. Moreover, since the light condensing 
effectiveness of the, lens is not affected by the sealing 
method, an.d sinc^ a molded package structure can* be used 
rather than using a hollow package structure, assembly costs 
can be reduced compared to the conventional art* 

{0029} Assembly costs can be further reduced because a 
transparent molding resin can be used directly as the 
material forming the transparent flattened layer. In 
addition, dicing or dust generated during the assembly 
process can be easily eliminated since the surface is 
flattened by providing the transparent flattened layer, 
thereby facilitating ease of manufacture. The method of 
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manufacturing the solid-state imaging device of the present 
invention greatly improves production efficiency by 
producing a solid*state imaging device having superior 
effectiveness* 

i 

[BRIEF DESCRIPTION OF THE DRAWINGS) 
Fig. 1 is a side cross section view schematically 
showing the structure of a first embodiment of the solid- 
state imaging device of the present inventions- 
Figs. 2(a) to 2(f) are side cross section views 
sequentially showing the procedures for manufacturing the 
solid-state imaging device of the present inventions- 
Fig. 3 is a side cross section view schematically 
showing the structure of a modification of the solid-state 
imaging device shown in Fig. 1; 

Fig. 4 is a side cross section view schematically 
showing the structure of another modification of the solid- 
state imaging device shown in Fig. 1; . 

Fig. 5 is a side cross section view schematically 
showing the structure of a second embodiment of the solid- 
state imaging device of the present invention; and 

Fig. 6 is a side cross section view schematically 
showing the structure of a conventional solid-state imaging 
device* 

(Key to Reference Numbers] 
3) Photoreceptor 
3a) Light-receiving surface 
8) Light-shield film 

11 r 20, 30, 40) Solid-state imaging device 

12) Transparent lens layer 
12a) Concave lens 

13) Transparent flattened layer (second flattened 
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layer) 

14) First transparent material layer 

15) Resist pattern 
15a) Resist 

16) Channel 

17) First flattened layer 

41) ceo chip 

42) Transparent mold resin layer 

43) Transparent flat plate 
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fiiSSir«, ^-<i'PW>X9«cSi5K»*€<>/c'tfa 

/cae». fliU>X9Cr>±m(C0:iSSl«&tMmt^>X9O 

iUF^<v^r-»;«rsftctt-^m»fi*irr3x h^s^r^ • 

(0 0 0 61 *-iUF/<7^r-i/«ia«:»Wi,fc 

)^ir»<M«9«r4»5. :^mumm^mfcm^xfx^ti 

CiOrt5^-<^'au>X«a*WUfc, B»ffitt« 
(0007) 

-5S?3u>x»*8at:t. tta?^u>x/s±«:, urss^f- 



3 

[0 00 8] c<om»miim(cj:txkt. ^m^stio 

[ 0 0 0 9 ] ^/c. :$:^^(DSiimi$l^<D$aa^r 

'^7^ ha<D, if^7^M<oj^<oajb^^tiiis^(c^^^ 
ima«aaf$«'&xe6. sttt/ca-<Ds;9«t»a 

cn(c«LrS5e^-Haaw*»J:0®Ji>®^^ 
s»r:©aw««i^6rx $^z:«>^«<ta«B« 

tttrwb i&ad'tf^or. 8ftui>xhatj. -eo^ 

»<&0. ±«cCiii^*«itta«&fir*. ^l/T. CCD 
®«c«or jtDfiiiiePS^;^ ha«:i*OT*tJ^j:jc-/^> 

jsjftsi y ^ > s ti/ta-t ox 9^ > * ^, 



«ra¥9.-2 7 60 8 

4 

oxy^>d^%*i7C/. -eoTom-oa?«*w®ox 

i^us?xha**i*i>«Wc««9a<«f7l/. ut>xh 
-oaW««a«:i3:. x^^>^*i»TU/fc6*, 

wk-aaaouj^xhaiaoiB«, 'rfxt>^±ficEi 
10 (Da^»ai:cc. cn(caLTa82a*HDa9itsmj: 

/c. asec!>9»aa$iadH96ti«. 

[0012] 

i^L < a^r ^. a i i;t;»:%9)osii»aa^aoa-ii 
maa^n^r ar o . a i cM9^ 1 1 »aiwaa 

^. a I (cmurc@ii«aaa 1 1 ri^. o!^ 
j^3a^aori&aa6o±(cai^u>xai 24$^^ 
^sti. itai^u^xai 2o±€ci;i:aa¥«<tJ9i 3 

[00 1 3)awu>xai 21*. CYTOP 

<affisti/fcT^v>i'j«ya93a55'a:^<c^» (a-<oa 

3&>6^*<>Or. -tOa«^3^1. 2-1. 4 

3D afi[<D^or^'&. coai9§i»xai 2<cu. 
^<oiM. -r^t>^s3^a3a^s»f(Daoa(c. as^ 

3^£ffi3 a iS»C^>IBCC(Sj3^oriiQ<b^^ig U>X 1 2 a 
36«3fajg«3liT:i»^. cri6e3U>X12a -e 

[0014] a^^^^ta 1 3 a, afr^^itRdw< 

o2^«) d>6«c*<>or. -toafif^j^i. 5- 
1. 7aa<c»a;$n:^€»cr)T««. ^tc. cam^^ 
PM\Mi 3», ifr3Ba9iu>xai 2oj:a«ca(cau 

XI 2 a«. -eOi:tJ (itAS^M) iT® (>feiB§4®> 

>xai 2<D:^3&s«>r**sfi<.*citc^o, a?g¥«« 

a 1 30±)^6AWUfc*«:a 1 ♦^Eflrmr**: ^«C» 

50 »s^4cinfc<-aw«ca«>6j:^«c^toTi»<&, 



5 

( 0 0 1 5 ] <^(c. COX '>ni:Vif3i/^m»wtims 1 1 
^m^r^. *r. 02 (a> (ctht^^w:. *s{*s 

fi2tC5Kt«a3. eafUt?Xt>4, ?^-i^^>UXh:>:r5 

^:f>rT^ii*SF 

(0016) ^Xl^r . C©^— C!>a?Wm® 1 4 OJ:«C 
^^Vb-h (PMMA) J:c^3fc4i*D<D<><D 

(c) ccjrrjr^cciiizj^sia a(D/ai9tojaji^usi& 

»;y 5^ ^ h%fflv»:fei«^«c«|ff) i 5 ox:r 
ris< . 1 6 i»h»fitcmtcns <fj:o. mmt l 30 

TH2 id} u:jFrrj:^ic±{cCit^^mmm«t(OUt> 
C 0 0 1 7 J ^Xi*r. Wt ' «a?«TfxS U2^;^ h 1 

tX»5«cj:0^muxB2 (e) «:^rJ:^«:^-<7>^ 

«c»or^9. we^2^:^^« (ui^xn Sa) «:« 

2 if) *cirrJ:5ic«SB»-<0¥a{fc»l 7*jJ:cfW 

gauj^;^ h 1 5 a^ift^u. i?fiea-oaq«im«i 4 

too 1 8] C(OX'^U3.v^>^^t^'^t. ffit^rcx 

5- 9-y^m<o. m-ow^m\M \ 7 1 us^x n 5 a ^ 
^'^3nn:a-e©x7^>yatt3&<ii«^. -ei/T. co 



«ra^9-2 7 60 8 

6 

J^c t »fiiW t ©rarx t7 ^ > d^2E«C^a&i* D -5 C i (c J: 

0. n 5a**iBfiR$nrt»^c>a8fr»-<o^ 
«<k/ai 7<oxr^>i/AJ*l7(y>fc^t«ctt. ut^>^h 

a<Dxv^>^*»7u -e<oT©m-<oa^»4® 1 
4oxv^>^/^cs^rl*^. c<Di#. »-<Dai«« 

«®1 4tr<OX:F5^>iffct. U£^;:<h 1 5a<D/93«:« 
0«<ji«U Ui^XH 5aO!>Wl^e0fr«J:O3i< 

jMfor*>»). 0fcA«-^r»-^E>aw«»fflr4«ctt. 

(2IU>Xl2a<D®3ft»«l5K;lti^.>x*J. CtOEflUVX 

1 2 aC!>®CE:^««:o(,»rtt. iF«C>ll»«5C«:^->T€ra 

2 a im^ffi&itm 3 a ±(C|ftiBr S J: ^ LT jtf < • 
[0 0 19] ^0». SWLfc^— <Da9ittf4/ai 4(D 

(Cttl. 5-1, 7^^t»ttCtiJmJi<D®»**WT^ 
<><D3&5«i»6n. «itl*»iaBLfc<l:^ccx?f«4^i/3Kaw. 

roo2 0) coj:^«:Lr^6n3fca»»««si«: 

J:^«c5Kt®3a«:^^J:^«cj^fiK5tirc*^flt>r. ft 
( 0 0 2 1 1 :i!fc. coj: ^^^@^<^{5 1 oiffi:^ 

[0022] fA3\t:i^^mommsi!&msi(om^m^m 
rsr*o. B3«:^i*TigF^2oii@i*taiM3^sr* 

^JCt>^. ISI3(CmUA:@i»»l|lS»2 0r(X. 

fwi 3cD±jcai9*-^^Kttisi®2 i3&jat^e»ti. c 

$0 C<D<t:^f^Ei(9«««$&a2 0«»^N:». B2 (a> ^ 



7 

{a02 3] COJ:^4«|JSOS(m<^l52 0{C«o 

[ 0 0 2 4 J «rib. ^geH^SWTtt. SLWP^mitM 
• I 30±(C»l93&^r->I.Ftt«§a2 1 %m^LX^-}l 

(002 5] 34^. sm^mitmi b^r^x. mm 

s. 4 uxa 1 ^i,tcmimwt«x 1 1 i^e^isq^^^ 
^fciBi 3*i^c>r3Cc*ccD^yyr**. ccd^v 

±^iS«iaora^*-^i'F^i©«4 23^j^j55sn. $ 
^mm^im4 3ffiWL^^ht\x\^^. x/c ccDf^^r 

4 5«:/^urTAB';-K4 63&Ja«3tirt»S. Ctl 
6«fi44. 2SfcA>^45, TABy-F460««^ 
tt. «8^aW*-/^Kttlre4 2«Ctf±$n, 3D»O-tl0« 

»raraK»WF^4 3 tc j: oriat>tiTii 5. 
[ 0 0 2 6 ) coj: ^ tm^omfm^mm^ o^hn 

mm 1 3 Kfiifls^it 
miXhov, ^(ot^^tLx^:^\-^^rhctifix 

cn<D±(cjaw^««4 3?&»w^c^«c^or«s«: 
[0027] &skt:i^m<om»i8tmm<om:::^miB 



«»^9 - 2 7 6 0 8 

8 

8i293U>XBl 2iOfSK:>^7i/^-Jxa>S3 
1. ;«;7--7^iU^fi3 2;^8at^^tiri>^/gr*^. 

t-^^i:>i^. m^Lfcmfmm^soxit. mm 

64i$J:C«i*B8*a?r/>'72/-<->3>fi3 iJfts^ 
C<D/<yt^'<-J/3>S3 lcO±«:;577-7 V 
;U^S3 2*JaW6^. 5 6«CC<D±Cca^P>X® 1 
2*i«fi)i3#aft:«jgi/^orc>i. L/ci&Jr>r. COJ: 
^^«l«OIS»«ff$^3 OCC^^TIIt. Adt%<D^i& 

(0028] 

u>X»©±(c. cli(c«UTaj859u>x«(D|5mJ: 

*<DlltcJ:orfBJ5S$n^^gBEiu>X©ii.^£i^:, 
Ba«:^^i:^«:^«)igQ)3U>X»^j^iSur«ttf. 

fe^^tihctip^. mfL\tc<o^ti.xwk^o 

(0 02 91 d6(C. a^^%{tlS«5^'r5ttl4^b 

ftim^nxxmx^rs^^h^fSt^LBK. ctx 

(021 ( a ) ^ ( f ) ia3(:A9itOS(4«€^^<Ofi|]t 



(6) 



10 



3 3 a SXM 8 Sj<£fi 

1 1,20.30.40 mtmemi 12 s«« 



» U>X)B 

12a l!9U>X 13 S9i¥««tlB («roiPia 

14 SB-<5)j8W«i4Ja 15 

15a Ui^:Hh . 
16 m 17 a-<0*«S[tJB 41 CCD^ 

9:/ 

4 2 iS9!«-Jl'FWISO 4 3 aWV«fi 




"^3 fifta«^i4 9-«>antt«9je 



Surface ^StV^r^icDcaQrar* of tif EwCa-.mtnl 





« ie fff <z> a « A R a 

Hocl'4r<coLTio»\ 




in 

FM PU+en Inciiw 'D^vk*' 

^ 4 6 RtSm UftA|tr 




44 ^4 5 



41 cco^^^tL\> Ck/p 



(06) 




